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® Ground loss protection device particularly for mos integrated circuits. 



® Ground loss protection device particularly for 
MOS integrated circuits which comprises a high-side 
driver device (10) which has an input terminal (15). a 
substrate (11) connected to the ground and an out- 
put tenninal (12) for driving loads (13) which are 
external to the high-side driver device (10). The 
output terminal (12) is provided by means of the 
source terminal of a MOS transistor (17). At least 
one terminal of a load (13) is connected to the 
output terminal (12) and the other terminal of the 
load (13) is connected to the ground. The protection 
device comprises at least one diode (14) which 
connects the substrate (11) to the output terminal 
(12). The diode (14) connects the substrate (11) to 
the ground through the load (13) if the ground con- 
nection of the substrate (11) is interrupted. 
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The present invention relates to a ground loss 
protection device particularly for high-side driver 
MOS devices. 

A high-side driver device 1, as more clearly 
illustrated in figure 1. is connected by means of an s 
output pin 2 to a temninal of a load 3 whose other 
terminal is connected to the negative pole of a 
power supply 4. This negative pole is considered 
hereinafter as a ground 6 for the sake of simplicity 
in exposition. ;o 

The ground connection 5 of the high-side driv- 
er device 1 is often physically distant from the 
ground 6 of the load 3. A typical example is an 
electronic device for switching on the lights of a 
motor vehicle. In this example, the ground 6 of the is 
lamps, which are considered similar to the load 3, 
Is physically distant from the ground of the high- 
side driver circuit 1 which drives them. The circuit 
1 is usually included in a control unit which con- 
centrates the electronic components for controlling 20 
the entire motor vehicle and is usually located at a 
considerable distance from the lamps of the motor 
vehicle. 

In the case of a monolithic integrated circuit 
with high-side driver devices in MOS technology, 25 
i.e. devices executed by means of N-channel MOS- 
FET transistors of the enhancement type, the prob- 
lem arises of the behavior of the high-side driver 
device 1 if the connection between the device and 
its ground 6 is interrupted. 30 

If this connection between the device 1 and the 
ground 6 is interrupted, said device remains hung 
or rather electrically connected to the power supply 
voltage 4. and all the Internal nodes of the device 
reach the electric potential of the power supply, 35 
except for the nodes which are directly connected 
to an input 7, which are tied to the potential as- 
sumed by the input pin 7. 

In this case, as illustrated In figure 2. wherein 
the same reference numerals used in figure 1 are 40 
reused, the gate terminal of a MOS transistor 8 of 
the high-side driver device 1 might thus reach the 
same electric potential as the power supply 4 and. 
since the load 3 is connected to the ground 6. the 
device 1 might activate or rather supply power to 45 
the load 3 although that the signal in input to the 
terminal 7 of the device 1 is at a level which 
activates the switching off of the load 3. 

The gate terminal of the transistor 8 is at a 
voltage which is equal to the supply voltage V*, 50 
and simultaneously the voltage V3 across the load 
3 rises as the cunrent b which flows in the load 3 
rises. In any case according to the impedance of 
the load 3, a working point is reached which is 
given by the following equations, where Vth is the 55 
threshold voltage of the transistor 8. Vgs,8 is the 
voltage between the source terminal and the gate 
terminal of the transistor 8, Vqs^ is the voltage 



between the drain tenrninal and the source terminal 
of the transistor 8, and Vqo is the potential of the 
gate tenninal of the transistor 8 with respect to the 
ground. 
Thus, if 

(V*-V3)>V,h 

then 

Vgo = VGs.e + V3 = V4 (R1) 
and 

V* = Vds^ + V3 (R2). 

Equations R1 and R2 therefore lead to the 
following result: 

Vgs,8 = Vds,8. 

Therefore, the following inequality is true: 

Vgs.8 < Vds.8 + Vth (R3). 

The MOS transistor 8 is thus in the saturation 
area and must dissipate a power Pd which is equal 
to: 

Pd = Vds.8 "fe. 

This last fact can damage the device 1, since 
by not having a ground it is no longer protected by 
any of the circuits present, i.e. by cun-ent limiting 
circuits. 

Ground k>ss would therefore entail not only an 
unwanted switching on of the device 1 but also the 
risk of damage thereto. 

Usually rather complicated and sometimes 
scarcely effective solutions are cunrently used in 
order to obviate this problem. These known solu- 
tions are t)ased on the concept of limiting, pre- 
cisely in the case of ground loss on the part of the 
device, the gate-source voltage Vgs,8 to a value 
below the threshold value Vth of the MOS transistor 
8, thus preventing it from switching on. 

Such solutions, like the one illustrated in figure 
3. are in any case technically not excessively reli- 
able, since the device 1 has no ground; in other 
words, the substrate on which the devk^e Itself is 
produced monolithically is not biased, i.e. the junc- 
tions toward the substrate which are associated 
with the various electronic components of the cir- 
cuit are not reverse biased. 

The aim of the present invention is to eliminate 
or substantially reduce the disadvantages de- 
scribed above in known types of high-side driver 
by providing a ground toss protection device par- 
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ticularly for MOS integrated circuits which elimi- 
nates the possibility of incorrect activation of the 
loads connected to the high-side driver even if the 
ground connection of said high-side driver is inter- 
rupted. 

Within the scope of this aim, an object of the 
present invention is to provide a protection device 
which eliminates the possibility of damage to the 
output stage of the high-side driver. 

Another object of the present invention Is to 
provide a protection device which has a correct 
substrate bias even in case of ground loss. 

A further object of the present invention is to 
provide a protection device which can be easily 
integrated monotithically. 

Not least object of the present invention is to 
provide a protection device which is relatively easy 
to manufacture and at competitive costs. 

This aim, tiie objects mentioned and others 
which will become apparent hereinafter are 
achieved by a ground loss protection device par- 
ticularly for MOS integrated circuits according to 
the invention, which comprises a high-side driver 
device which has an input terminal, a substrate 
connected to the ground and an output terminal for 
driving loads which are external to said high-side 
driver device, said output terminal being provided 
by means of the source terminal of a MOS transis- 
tor, a terminal of a load being connected to said 
output temninal, the other terminal of said load 
being connected to the ground, wherein the high- 
side device driver comprises at least one diode 
which conn^pts said substrate to said output termi- 
nal and is suitable for connecting said substrate to 
the ground through the load if the ground connec- 
tion of said substrate is interrupted. 

Further characteristics and advantages of the 
invention will t>ecome apparent from the descrip- 
tion of a preferred but not exclusive embodiment of 
a protection device according to the invention, illus- 
trated only by way of non-limitative example in the 
accompanying drawings, wherein: 

figure 1 is a circuit diagram of a known high- 
side driver; 

figure 2 is a circuit diagram of a known high- 
side driver, illustrating the output stage; 
figure 3 is a schematic example of a known 
high-side driver with reduction of tfie gate- 
source voltage across the output MOS transis- 
tor; and 

figure 4 is a circuit diagram of a protection 

device according to the invention. 
With reference to figure 4, a ground loss pro- 
tection device particularly for MOS integrated cir- 
cuits comprises a high-side driver device, generally 
designated by the reference numeral 10 and 
hereinafter termed "circuit" for the sake of simplic- 
ity in exposition, which has an input terminal 15, a 



subsbrate 11 connected to the ground and an out- 
put terminal 12 for driving external loads 13 which 
is provided by means of the source terminal of a 
MOS transistor 17. At least one terminal of a load 
5 13 is furthermore connected to the output terminal 
12; the other temninal of said load is connected to 
the ground. 

The protection device comprises at least one 
diode 14 which connects the substrate 11 to tiie 
10 output terminal 12 which is connected to the load 

13, so as to connect said substrate to the ground 
of the load 13 if the ground connection of the 
substi-ate 11 is interrupted. 

The diode 14 has its anode connected to the 
75 substrate 11 and its catiiode connected to ttie 
output terminal 12. 

If the ground connection of the circuit 10 is 
interrupted, said circuit obtains, by means of the 
connection provided by the diode 14, a negative 
20 supply voltage, ignoring the drop across the diode 

14, which is equal to the voltage across the load 
13. The voltage drop across the load 13 caused by 
the cunrent absorbed by the circuit 10 usually has a 
negligible value. 

25 When tiie direct substrate-ground connection is 
interrupted, if the electrical command in input to 
the input temninal 15 Is inactive, the circuit 10 
remains off and the voltage across tfie load 13 is 
zero. The circuit 10 has a real ground, i.e. the 

30 ground of the load 13, and is perfectly functional in 
all of its parts, if instead the electrical command in 
input to the input terminal 15 is active, the circuit 
10 switches on and tiie voltage across the load 
rises up to a value which is lower than the supply 

35 voltage, which is provided to the circuit 10 and to 
the load 13 by a power supply 16, by an amount 
which is at least equal to the threshold voltage of 
the MOS transistor 17; in other words, a condition 
of reduced switching "on" with respect to the nor- 

40 mal case, in which V13 is approximately equal to 

V,6. 

With respect to the previously described prior 
art. the circuit 10 is thus fully powered between the 
supply voltage and the voltage across the load 13, 

45 and this fact allows the operation of all of tiie 
possible circuits for protecting the circuit 10. i.e. 
thermal protection circuits and the like (not illus- 
trated) conveniently adapted to the present device. 
It is also possible to use protections which 

50 inhibit the gate-source voltage, as described in the 
part related to the prior art, since the present 
device correctly biases the substrate 11 of the 
circuit 10, 

In the case of high side multidriver monolithic 
55 integrated circuits, i.e. integrated circuits having a 
plurality of individual high-side drivers 10, the pro- 
tection for each circuit 10 can be provided by 
means of at least one protection diode 14 inter- 



EP 0 519 156 A1 



posed between the substrate 11 of the monolithic 
integrated circuit and the output tenmlnal 12 of 
each circuit 10. 

In this case there is the further advantage that 
so long as at least one high-side driver is off. the 
device has a real connection to the ground, allow- 
ing the complete switching on of the activated 
high-side drivers. 

If instead all the drivers are on, a condition 
similar to the case of a device with a single driver 
would occur, i.e. reduced switching "on" of all the 
drivers with operating protection circuits would oc- 
cur. 

It has been ot)served that the present device 
achieves the intended aim and objects, thus provid- 
ing an effective protection of a high-side driver and 
furthermore correctly biasing the substrate of said 
high-side driver even if the direct connection be- 
tween the substrate and the ground ceases. 

The device thus conceived is susceptible to 
numerous modifications and variations, all of which 
are within the scope of the inventive concept. All 
the details may furthermore be replaced with other 
technically equivalent elements. 

In practice, the materials employed, as well as 
the dimensions, may t>e any according to the re- 
quirements. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identifii8d by way of example by such reference 
signs. 



acterized in that said at least one diode (14) 
has its anode connected to said substrate (11) 
and its cathode connected to said output termi- 
nal (12). 

5 

3. High-side multidriver device, characterized in 
that it comprises, for each individual high-side 
driver (10). at least one protection diode (14) 
which is interposed between a substrate (11) of 

10 said high side multidriver device and the out- 

put terminal (12) of said individual high-side 
driver. 

4. Protection device according to one or more of 
15 the preceding claims, characterized in that said 

at least one diode (14) is provided by means 
off a diode-connected transistor. 
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Claims 



1. Ground loss protection device particularly for 
MOS integrated circuits, comprising a high- 40 
side driver device (10) which has an input 
terminal (15), a substrate (11) connected to the 
ground and an output terminal (12) for driving 
loads which are external to said high-side driv- 
er device (10). said output terminal (12) being 45 
provided by means of the source terminal of a 
MOS transistor (17), at least one terminal of a 

load (13) being connected to said output termi- 
nal (12), the other terminal of said load (13) 
being connected to the ground, characterized so 
in that said device driver (10) comprises at 
least, one diode (14) which connects said sub- 
strate (11) to said output terminal (12) and is 
suitable for connecting said substrate (11) to 
the ground through the load (13) if the ground 55 
connection of said substrate (11) Is intenrupted. 

2. Protection device according to claim 1, char- 
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